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FOREWORD 


This Interim report describes the functlonsl requirements establlthed for 
the Eiectrlcsl Disconnect System and the results of the conncctci lurvcy. 
This report was prepared as partial fulfillment of Contract NAS8-31971 
for the National Aeronautics and Space Administration, George C. Marshall 
Space Flight Center. The NASA Contracting Officer's Kepresentstlve was 
Mr. Wayne J. Shockley of the Electronics and Control Laboratory. 
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1.0 INTRODUCTION 


The objective of this contract Is to establish an optimum electrical 
disconnect system design (s) for use on manned and unmanned missions. The 
purpose of the dlsvunnect system Is to electrically mate and demate the 
spacecraft to subsystem module Interfaces to accomplish orbital opetatlons. 

This Interim report presents the results of Taf^k 1 and Task 2 of the 
contract effort. Task 1 Involves the definition of the functional | opera* 
tlonal* and environmental requirements for the connector system to support 
the leading prototype candidate concepts. Task 2 Involves the documenta- 
tion review and survey of available existing connector designs. 

The requirements definition and potential applications for the elec- 
trical disconnect system Is presented In Section 2.0. In Section 3.0, 
results of Task 2 are presented Including the visitation of two NASA 
contractor original equipment manufacturers and five electrical connector 
suppliers. Also Included Is the documentation research. Section 4.0 
presents the conclusions as a result of completing Tasks 1 and 2. 


2.0 POTENTIAL APPLICATIONS AND REOUIRFMEItTS fTa«k 1) 


This ■•ccion of Ch« Interim report preeente the resulte of Teek 1 
of the contract effort. In Section 2*1» potential applications of elec- 
trical dlaconnect aystene for Shuttle-era apacecraft are dlacuaaed. 

The functional, operational, and environmental requirements for electri- 
cal diaconnecte for uae on manned and uniuumed mlaalons are defined In 
Section 2.2. The details which form the basie of this report were de- 
rived from available Shuttle Orbiter, Spacelab, and payload requirements 
documentation. The disconnect applications identified were derived from 
consideration of the philosophy of spacecraft refurbishment, servicing, 
or repair to Increase lifetime and reduce costs. 

2.1 Potential Applications 

Figure 1 below summarizes the steps utilized to Identify specific 
potential applications of electrical disconnect systems for this contract 
effort. It should be noted that each mission and payload type was examin- 
ed against each possible task opportunity. The specific technique used 
to accomplish the identified task for a given payload was then identified 
(IVA, EVA, or remote). 



out Ob payload 
bay) 


Figurf 1 Identification of Electrical Disconnect Applications (STS-- 
Related) 

2.1.1 STS Missions and Payloads Analysis - The Space Transportation Sys- 
tem (STS) includes the Shuttle Orbiter with its cargo bay, which can carry 
payloads such as automated spacecraft, the Interim Upper Stage (with attached 
spacecraft), pallet-mounted experiments, or the pressurized Spacelab module. 
Mission models prepared by the NASA for the 1980* s indicate that many com- 
binations of payloads make up the projected missions. 
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For the purposes of this study » mission configurations are not as im- 
portant as the characteristics of the major payload types. Sortie payloads 
are those payloads which are carried Into orbit in the Orblter cargo bay* 
and which remain in * he bay for the entire flight. The payloads or experi- 
ments are mounted on pallets and are controlled either from the ground* the 
Orblter aft flight deck* or from the Spacelab pressurized module also mounted 
in the cargo bay. Thus, sortie payloads Implicitly rule out the reposi- 
tioning or reconfiguration of equipment during flight and* therefore* limit 
the requirement for electrical disconnects except In contingency modes. 

Automated payloads are autonomous spacecraft which are carried into or- 
bit in the cargo bay and either deployed directly or carried to operational 
orbit by an Interim Upper Stage (lUS). Such payloads— part tcularly if de- 
signed to be on-orbit maintainable (as opposed to expendable or gro»ind-re- 
furbishable) — may directly require the use of electrical disconnect systems 
for normal operations. Table 1 shows a list of automated payloads which 
might require such systems. 

2.1.2 Principal Task Opportunities - As listed in Figure 1* the general 
tasks which might involve electrical disconnect systems can be :;gorized 
as experiment operations* maintenance* servicing* or contlngenc) procedures. 
In general* nominal experiment operations (for any payload) do not include 
mating/demat ing of electrical connectors. (The only identified potential 
exceptions to this are cwo Life Sciences experiments which include instru- 
mentation to be utilized both in the Orblter AFD and in the pressurized 
Spacelab module.) 

Pallet and module payloads are generally not designed for on-orbit ser- 
vicing or maintenance. Particularly for early Shuttle missions* which will 
be of seven days duration* payloads should not require replenishment of 
supplies* subsystem changeout* or any similar activities. Only in the 
case of contingency operations may there be a requirement for electrical 
disconnect systems tc be available in the Orblter AFD, Spacelab module, 
or on the pallet. 

For automated payloads* as Table 1 shows* maintenance or servicing 
operations in orbit are anticipated. Of course* all such procedures would 
be performed in the space environment using either remote systems or an 
EVA crewman. Present lUS ground rules specify that no recovery of the 
lUS (or its payload) will be performed; therefore* disconnect system re- 
quirements should be emphasized for low earth orbit spacecraft only (de- 
liverable directly by Shuttle). Several techniques have been defined to 
perform such servicing/maintenance remotely* and these include a pivoting 
arm servicer* the Shuttle remote manipulator system (RMS), the flight 
support system (FSS) * and the remote maneuvering unit (RMU). Specific 
EVA operations have also been defined for such payloads as the Space Tele- 
scope. 
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Table 1 Automated Payloads /On-Orbit Maintainable 


Payload 

Number 

Payload 
Model 
Code No. 

Spacecraft Nome 

AS-Ol-A 

AST-6 

Space Telescope 

AS-03-A 

AST-IB 

Cosmic Background Explorer 

AS-05-A 

AST-IC 

Advanced Radio Astronomy Explorer 

AS-07-A 

AST-Nl 

3m Ambient Temperature IR Telescope 

AS-ll-A 

AST-N2 

1.5m IR Telescope 

AS-13-A 

AST-N3 

UV Survey Telescope 

AS-14-A 

AST-N4 

Im UV Optical Telescope 

AS-16-A 

AST-8 

Large Radio Observatory Array 

AS-17-A 

AST-N5 

30tn IR Interferometer 

HE-Ol-A 

AST-9B 

Large X-Ray Telescope Facility 

HE-03-A 

AST-5A 

Extended X-Rcy Survey 

HE-05-A 

AST-50 

High Latitude Cosmic Ray Survey 

HE-07-A 

PHY-IA 

Small High Energy Satellite 

HE-08-A 

AST -58 

Large High Energy Observatory A 

HE-09-A 

AST-4 

Large High Energy Observatory B 

HE-IO-A 

AST-5C 

Large High Energy Observatory C 

HE-ll-A 

AST-9A 

Large High Energy Observatory D 

HE-12-A 

PHY-5 

Cosmic Ray Laboratory 

S0-02-A 

AST-7 

Large Solar Observatory 

S0-03-A 

AST-3 

Solar Maximum Mission 

AP-Ol-A 

PHY-IB 

Upper Atmosphere Explorer 

AP-02-A 

PHY-IC 

Explorer - Medium Altitude 

AP-04-A 

PHY-2A 

Gravitational and Relativity Satellite - LEO 

AP-05-A 

PHY-3A 

Environmental Perturbation Satellite - A 

AP-07-A 

PHY-3B 

Environmental Perturbation Satellite - B 

E0-08-A 

EO-3 

Earth Observatory Satellite 

E0-09-A 

EO-4 

Synchronous Earth Observatory Satellite 

EO-IO-A 

EO-5 

Applications Explorer (Special Purpose Satellite) ' 

EC-12-A 

EO-6 

TIROS 1 

E0-56-A 

NN/D-8 

Environmental Monitoring Satellite 

E0-57-A 

NN/D-9 

Foreign Synchronous Meteorological Satellite ! 

E0-58-A 

NN/D-10 

Geosynchronous Operational Meteorological Satellite 

E0-59-A 

NN/D-12 

Geosynchronous Earth Resources Satellite 

E0-61-A 

NN/n-11 

Earth Resources Survey Operational Satellite 

E0-62-A 

NN/D-13 

Foreign Synchronous Earth Observation Satellite 

0P-02-A 

EOP-5 

Gravity Gradiometer ! 

0P-04-A 

EOP-7 

GRAVSAT 

0P-05-A 

EOP-8 

Vector Magnetometer Satellite 

0P-51-A 

NN/D-14 

Global Earth and Ocean Monitoring System 

LS-02-A 

LS-1 

Biomedical Experiment Scientific Satellite 

CN-51-A 

NN/D-1 

INTELSAT 

CN-52-A 

NN/D-2A 

OCMSAT A 

CN-53-A 

NN/D-2B 

DOMSAT B 

CN-54-A 

NN/0-3 

Disaster Warning Satellite 

CN-55-A 

NN/D-4 

Traffic Management Satellite 

CN-56-A 

NN/D-5A 

Foreign Communication Satellite - A 

CN-58-A 

NN/D-2C 

DOMSAT C 

CN-59-A 

NN/0-6 

Conmunlcations R&D Prototype 1 
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Contingmcy operations on sutoastsd psylosds msy also bs poaaibls, 
oicher rsnotsly or EVA, but would priaarlly involve the seas diaconnect 
requireaents as defined for planned servicing or aaintenance. 

Table 2 suamarises specific task opportunities for each major pay> 
load type. 


Tabls 2 DiBOonnaot Syttm Tatk OppoPtunititv by Payload Typo 


Ggntral Task 

PAYLOAD TYPE I 

Automatad 

mSnM 

Spacalab 

Modula 

Orbitar AFD 

Exparlment Ops 



X (llmitad) 

X (llmitad) 

Mainttnanca 

X 




Sarvicing 

X 




Conti ngancy 

X 

X 

X 

X 


2.1.3 Specific Applicationa/Technique - The general tasks identified in 
paragraph 2.1.2 apove must in general be accoaplished by either direct 
EVA techniques, resK>te EVA (aanipulator systeas), or by IVA in the Orbiter 
or Spacelab pressurised environments. Some of the activities related to 
autoauited payloads might be completed by any of the EVA techniques. Spe- 
cific exaaples of each application can be cited. 

Servicing of the Space Telescope, for example, will be performed by 
direct EVA in the subsystesis or science instrument modules. The flight 
support system (FSS) is the intended servicer for such spacecraft as the 
Earth Observatory Satellite and the Solar Maximum Mission. The pivoting 
arm servicer might be utilised on the Large High Energy Observatory. The 
reaote manipulator system (Shuttle) can assist in the scheduled or contin- 
gency maintenance activities of the other systems, including EVA assistance. 
The remote maneuvering unit can perform activities outside the Orbiter 
payload bay at distances of up to 30 km from the Orbiter. The application 
of disconnect systems to IVA for Life Sciences experiments has already 
been noted. 

All these general tasks may involve cable to cable, cable to equip- 
ment, and equipment to equipment connections, vrlth some restrictions based 
on operational requirements. Maintenance tasks performed remotely, for 
example, are essentially blind connections between modules. IVA require- 
ments could include both cable to cable and cable to equipment applica- 
tions. 

Such considerations allow definition of the functional, operational, 
and environmental limits within which electrical disconnect systems must 
perform. Detailed requirements in each of these areas were generated 
based on the anticipated potential applications. 
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2.2 R^qulreneiits 


Th« overall raquiramants which elactrical disconnect systens nuat 
satisfy art largely defined by the tasks which they nust perfons. They 
must operate properly In space vacuum and In the Orblter or Spacelab 
preasurlied environment. They must allow operation (mate/demate) with 
bare hands (IVA) , with pressurised tVA gloves, or remotely (blind con- 
nection) . 

The following paragraphs suomiarlze the requirements for electrical 
disconnect systems In terms of functional, operational, and environmental 
criteria. 

2.2.1 Functional Requirements - These requirements relate to the charac- 
teristics of the disconnect system. Independent of the environments and 
conditions to which they may be subjected. These requirements are as 
followa. 

2. 2. 1.1 System - The disconnect system must connect/disconnect electri- 
cal connections in both a controlled environment and the environments of 
outer space. The connect/disconnect functions will be manually accom- 
plished by manned EVA or remote servicing methods. The design goal of 
the system Is to provide a low cost, simple, and reliable design. The 
system shall consider vibration and mechanical shock requirements coupled 
In both the hot and cold extremes of paragraph 2.2.3. 

2. 2. 1.2 Connector Contacts and Inserts - The connector for the system 
must meet the requirements of NASA-MSFC specifications A0M39S80, 40M38277, 
and 40H39569 for only the following components of the connector: 

e Contacts per 40M39580; 
e Contact sealing per 40M39580; 
a Inserts per 40M39580; 
a Finishes; 

• Design and construction; 
a Insert arrangements; 
a Shell sixes; 

a Contact current carr^'ing sizes per 40M39580. 

2.2. 1.3 Latching Method - The connector latching method (if required) 
must be compatible with the end effector on the servicing mechanisms which 
allow rotation and lateral motions. Any rotational coupling technique 

must be less than 1.57 rad (90°). Preferred coupling is axial, push-pull actu- 
ating mechanism. The latching method shall be mechanical and shall provide 
forces to lock the connector halves together when mated. On demat Ing, 
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Che latchlni^ methud must r«l««s« and allow separation of Ch« connector. 

Tha connector coupling lock aechanlaa aliall be designed to accoeBK>date 
reaMte operation as wall aa IVA hand and EVA suited glove operation. 

2. 2. 1.4 Matlna and Uniat Inn Mechanleei • Hechanlsm shall be designed to 
■Inlaise the force required to initially align ai.d affix the mating con* 
nectors followed by the required coupllr^ force. Ihe reacting coupling 
forces shall be confined within the co-t>'ted connectors to the greatest 
extant possible. The connector system must withstand retrcct and extrac* 
tlon forces applied to the ax>dule translated by orbital servicing mechan* 
Isms and hand tools. 

2.2. 1.5 Connector Houslna - The connector housing shall be scoop*proof 
and exploslon*proof by virtue of sealing the housing before electrical 
contact is made. Mounting means shall Include a hermetic seal capability 
to the black box or subassembly. 

2.2. 1.6 Materials - The materials to be utilised In the system shall 
tentatively conform to the requirements of the NASA*MSFC 40M39569. This 
tentative selection Is valid until future testing data under the environ* 
BMntal extremes of para 2.2.3 la available to verify adequacy of material 
during cycling connection/disconnections. 

2.2. 1.7 Alignment Features * The connector system shall Incorporate an 
alignment feature which allows angular and floating tolerances of the 
orbital servicing mechanisms to final mating of the plug/receptacle to 
within the tolerances for pins and sockets required in the 40M39580 sped* 
fication. The use of auxiliary pllot/gulde hardware and Increased lead* 
ins shall be considered. Locksmith keying polarisation features of cur- 
rent 40M connectors shall be utilised. 

2. 2. 1.8 Voltage Levels * The disconnect system shall be designed for the 
following voltage levels: 

a 5 to 32V DC; 
a 115V AC, 60 Hs; 
a 115V AC, 400 Hs. 

2.2. 1.9 Durability * The connector system shall withstand 500 cycles of 
connect/disconnect. 

2.2.2 Operational Requlremenns - Operational requirements relate to the 
actual techniques which will be utilised to connect and disconnect the 
electrical components. These techniques are separable into two major 
categories**remote (blind) connections and operations performed directly 
by a crewman. 

2.2.2. 1 Remote Connections - The connectors must allow matlng/dematlng 
by remotely controlled equipment (orbiter servicer or manipulator arm). 

The remote connections can be classified as RMS or rack and panel appli- 
cations and the requirements are as follows: 
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A. RMS Application!: 

Alignaant Tolarance (daaign connector «o accoanooatc or eliminate) 

♦3.81 cm (il.5 in.), 300 S (fS min.). 

Force to Mate/Demate - Leas than 6.8* '..g (13 Iba) - any greater 
force requirement mutt be accammadated by latching mechanitm on the 
end effector. 

Provide Alignment Culdea and Pin Protection at Required (Alignment 
guldaa may be located on the module/equipment. 

Maximum Cycle Time • 300 S (3 mlnutet). 

B. Rack and Panel Appllcatlona: 

Utlllxa existing MSFC tpeclflcatlont 40M38277 and 40M39369 lett 
coupling tleeve. 

2. 2. 2. 2 Manned Operatlont - The requiramentt Hated here a*e for connec- 
tors operated by an EVA crewman with the suit pressurised to 3.3 psl. 
Matlng/Jematlng of the connectors shall be able to be accomplished utilis- 
ing the requirements of 2.2.2.1A end within the following limits: 

a Maximum hand rotation required - lett than 1.37 rad (90°); 

a Maximum grip strength required (without tool usage) • lass than 
13.89 kg (33 lbs); 

• 3 

a Maximum torque required (without tool usage) - less chan .230x10 
M - kg (20 In. -lb); 

a Design for one-hand operation: 
a Design Co preclude damage to pressure suit; 

a Verify (by procedure) power removed prior to connect/disconnect; 
a Design to protect pin contacts; 

a Provide alignment and polar' satlon cues as required; 
a Minlmian connector diameter - 1.39 cm (3/8 Inch). 

Manned operations of Che disconnect system at an IVA exerclte ahould 
conform to Che same general requirements. Although force and torque capa- 
bilities in the pressurised environment are greater, and design constraints 
In the absence of the need for an F.VA glove are less severe, Che same re- 
quirements should be utilised in disconnect system design. 

2.2.3 Environmental Requirements - Electrical disconnect systems must 
operate In the pressurised Orbiter environment, the pressurised Spacelab 
itXKlule, Che unpressurised payload bay, or completely external to Che Or- 
biter vehicle. The disconnects must withstand launch and reentry environ- 
ments in Che above locations, and must allow connect/disconnect operations 
Co be conducted during on-orbit periods. General requirements are described 
In the following paragraphs. 
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2. 2. 3.1 Orblf r Fte«<ur l g<td Envlronmenl - The following ere appliceble 
•• design Co envlronnenf 

s Pressure 

a . Ground 

(1) Structural Leak Check - 2.07xl0^cn/M^2 OO.O pels) max 

(2) Operational Leak. Check - 1.24x10 n/M (18.0 psla) o»ax 

(3) Ambient - .85x10^ n/M^ (12.36 psla) to 
(15.23 psla) 1.05x10^ n/M* , 

(4) pp Oj - . 22x10 Vfrt. 017x10 (3.2 +0.25 psla) 

b. Orbital Mission 

(1) Range - .95x10^ n/M^ (13.7 psia) to 1. 10x10^ n/M^ 

(16.0 psia) e 3 

(2) Emergency - .55x10^ n/M2 (8.0 psia) max 9.9x10 sec (165 
minutes) maxlswiii 

s Temperature 

a. Ground 

(1) Atmospheric and Structural - 274.82‘*K(35*F) to 322. 04^ 
(120*F) 

b. Ferry Flight 

(1) Atmospheric and Structural -249.82°K (>10*F) to 305. 37^ 
(+90* F) 

c. Orbital Flight 

(1) Atmospheric - 291.48°K (65*F) to 305.37°K (90*F) 

(2) Structural - 289.26 K (61"F) to 322.04 K (120“F) 

• Humidity 

a. Ground - 8 to IwOZ Rll 

b. Orbital Mission - 85Z RH maximum at 291.48^K(65*F) dry bulb; 

172 RH Qinlmiun at 305. 37°K(90®F) dry bulb. 

s Lightning - Refer to MF0004-002. 

s Shock - All components shall be designed to withstand a 20g terminal 
sawtooth shock pulse of an 11 millisecond duration In each of three 
orthogonal axes (6 directions). 

a Acceleration - Ultimate steady state acceleration from 0 to ;^Sg's 
in each direction of each major axis. 
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• Structural Vibration • TBO 

2. 2. 3.2 Payload Bay ~ The following ara applicable as design tu envitun- 
Bwnts: 

• Preaaure 

a. Ground • .dSxlO^ n/M^ (12.36 psla) to 1.05x10^ n/M^ 

(15.23 psla) 

b. Parry Flight - .23x10^ n/M^ (3.28 psla) to 1.05x10^ n/M^ 

(13.23 psla) 

c. Orbital Mission - 1.33x10*® n/M^ (1 x 10"*® Torr) to 1.05x10^ n/M^ 

(15.23 psla) 

5 2 5 2 

d. Approach and Landing last - .23x10 n/M (3.28 psla) to .96x10 n/H 

(13.9 psla) 

a Tamperatura 

a. Ground - 242. 59°K (-23*F) to 338. 71®K (150*F) 

b. «^-rry Flight - 219. 26°K (-65*F) to 327.59®K (130*F) 

? oroltal Mlaaion - 88.71®K (-300*F) to 372.04°K (210*F) 

d. Approach and Landing Tast > 233.15 ^’k (-40*F) to 

338.71®K (150*F) 

a Solar Radiation - assuma 18. IxlO^J/M^/s (443.7 BTU/ft*/hr) 

a Shock - All components shall ba designed to withstand a 20g termi- 
nal sawtooth shock pulse of an 11 millisecond duration In each of 
three orthogonal axes (six directions). 

a Acceleration - see table below. 


Orbital Miaeion Craah Safety Load Factora 
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+Aft 

♦Right 

♦Up 

Zone 1* 

+20.0 

+3.3 

♦10.0, -4.4 

Zone 2** 

+ 9.0 

♦1.5 

♦4.5, -2.0 


- 1.5 



Zone 3*** 

No crash load factor requirements 
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Zoif 1 (20<*«) 

•. Flight deck (Sta. 439 to Sta. 576, abova Z* 419> 
b. Mld-dack (Sta. 387 to Sta. 576, Z* 328 to Z* 419) 

Zona 2** (9g*a) 

a. Forward RCS packaga 

b. Mid. fuaalaga 

(1) Equipnant bay (balow Z* 330) 

(2) Payload attachmant 

(3) Manipulator am attachment 

Zona 3*** (No raquiramant) 

a. All other areaa of Orbitar Space 

Load factor ia equivalent to the total axtamally applied load 
on the component divided by the component weight, and carries 
the sign of the total externally applied load. 

2.2. 3. 3 Spacelab Pressuriaed Module Environment - Environmental require- 
ments ^or equipment contained in the Spacelat) module are detailed in Sec- 
tion 5.0 of the Spaotlab Payload Aooormodation Handbook^ Estec Reference 
No. SLP/2104. 


3.0 DOCUHENTATION RESEARCH AND SURVEY (Tatic 2) 


3.1 Docum«uf tlon RoatTch and R«vl«w 


The purpose of this activity was to perform documentation research and 
review to investigate and to relate Martin Marietta experiences associated 
with those connectors used in previous NASA programs and to determine their 
technical suitability or design characteristics for oosslble consideration 
for use in manned and unmanned maintainable spacecraft connector applica- 
tions. 


3.1.1 Review of NASA Project Parts Lists - This activity Involved the 
review of selected project parts lists which prescribed preferred connec- 
tors for the past Skylab program and for the current Space Shuttle program. 
The Jet Propulsion Laboratory (JPL) and Goddard Space Flight Center (CSFC) 
parts lists for general space projects vare also reviewed. Brief abstracts 
of this research follow. 

1. Skylab Program, Preferred Eleotrioal Parte List for Apollo Ap- 
plioatione Program^ MSFC Document 8SM02716, Revision C, dated 
25 June 1972. 

This document lists the MSFC 40M39S69 connector as the sole, 
preferred, miniature, circular connector. Listing of the MSFC 
S0M02340 TNC series and MIL-C-39012/1, /3 N Series coaxial 
radio frequency connectors are also Included. 

2. Skylab Program, Skylab Program ^ MVC Skylab Experimente BEE Parte 
Lietf JSC Document MSC-00841, EL40-001, Revision 8, dated 15 
May 1972. 

This document lists the MSFC 40M39569 miniature circular, the 
40N39580 zero-g, and various project-peculiar Martin Marietta- 
use connectors, including the Air Lock/Microdot astronaut con- 
nector, for use on the various Skylab experiment, instrumenta- 
tion, TV communication, and Multiple Docking Adaptor end items. 

The predominant-use 40M39569 and 40M39580 and Air Lock/Microdot 
connectors are considered to be the most technically viable can- 
didates for use in manned and unmanned maintainable spacecraft 
applications. Other project-peculiar connectors %*ere of special- 
ized design and of limited application and would offer no sig- 
nificant design features which could be effectively adapted to 
meet the objectives of this study. 

3. Space Shuttle Program, EEE Parte Selcotion and Applioation 
Guidelinee for the Space Shuttle External Tanke and Solid 
Rocket Booeter (ET SRB)t MSFC document 85M03936, Revision 
B, dated 15 February 1975. 
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This document Hate Cha MSFC 40H39569 miniature circular, the 
40N39S80 laro-g, and the 40M38277 high danalty circular connac- 
tora. Thaaa connactora are ccnaldarad aa thoaa idilch currently 
poaaaaa the moat favorable design characteristics or features 
best suited for possible use In manned and unmanned maintain- 
able spacecraft applications. 

4. Space Shuttle Program, Eleotrioalf Eleotronio, cend EleattKmeoh- 
anioal Orbitep Projeot Porta Liat^ Rockwell International (RI) 
document NF0004-400, Revision A, Sequence 03, dated April 1976. 

This document lists the MSFC 40M39569 miniature and 40M38277 
high density circular connectors, and the RI project-peculiar 
ME414-0611 hermetic feedthrough, ME414-0235 straight plug, 

HE413-0234 wall-mount receptacle connectors, MC414-0343 TNC 
coaxial, and MC414-0344 HN coaxial connectors. Connector ac- 
cessories for the multi-contact connectors are also listed in- 
cluding the short clamp nut, backshell with straight strain re- 
lief. and backshell with right-angle strain relief. The latest 
addendum alao adds notation that the 40M connectors have.not quali- 
fied to the Orblter temperature (specifically, to 116.48 K (-250 F)) 
and vibration requirements. This effort Is in process at RI. 

The MSFC connectors are the preferred Items used In current NASA 
projects for general cable hook-up applications. The ME414-0234 
and -0235 connectors are of the MIL-C-501S, MS3450 type with 
crimp, removable contacts, threaded coupling design, and con- 
structed with space-compatible materials. The RI project-peculiar 
connectors are listed with limited shell sizes and Insert arrange- 
ments primarily for size 0, 4, and 8 contacts for power applica- 
tions. 

5. General Space Applications, Preferred Materialat Faatenerat Pro~ 
oeaaea, Packaging and Cabling HardiJaret Propulsion Lab- 
oratory document JPL-STD-00009 , Revision A, dated April 1976. 

This document lists specialized, custom connectors procured to 
JPL specification 20045/2-0 for the MIL-C-24308-type, submlnla- 
ture "D" rectangular, rack-and-panel , solder contact type, and 
JPL specification 2245-0300 for the MIL-C-26482, MS3100-serles, 
circular, solder contact type connectors. A limited-use, rect- 
angular, rack-and-panel separation connector Is also listed for 
specialized applications. These connectors are uniquely utlllzeu 
In scientific spacecraft designs and possess no substantial fea- 
tures which would meet the basic design requirements for this 
study. 

6. General Space Applications. GSFC Preferred Porta Liat, GSFC 
document PPL-12, dated July 1972, with Notice 2, dated August 
1973. 
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This document llets GSFC epecl'/io.tione S-311-P-10 and S-311-P*4/5 
for MIL-C-24308-type, submlniacure "D" rectangular, rack-and-panal 
connectors of the solder and crimp contact types and containing 
quantities of 9, 15, 25, 37, and 50 contacts and the NIL'-C-22557 
miniature, screw-on, coaxial, radio frequency connectors for 
flight usage. Similar to JPL applications, these connectors are 
utilized in specialized applications and lack the necessary fea- 
tures required for maintainable spacecraft applications. 

3.1.2 Review of MSFC Connector Specifications - This effort Involved the 
review of each of the current MSFC 40M series specifications — 40M38268, 
40M38277, 40M38294, 40M38298, 4QM39569, and 40H3958C— to ascertain their 
technical suitability or adaptation for use in manned and unmanned main- 
tainable spacecraft applications. Since these connectors, with the excep- 
tion of the 40M38277, 40M38294, and 40M38298 connectors which were not 
available, performed satisfactorily in the Skylab program, their continued 
use in future projects. Including the Space Shuttle program, warrants strong 
consideration. In that the newer 40H specifications are based essentially 
on the same material and performance requirements as their predecessors, 
that the conventional rotational bayonet-locking or threaced coupling mech- 
anisms of these connectors may not be suitable for use in maintainable 
spacecraft; thus, a new type or altered mechanism may be r squired. The 
40M39580 mechanism, specifically designed for astronaut use, does offer 
features which merit consideration for use in maintainable spacecraft ap- 
plications, notably one-hand, axial push-pull actuation with minimal force 
required for initial alignment and coupling followed by Increasing forces 
for seal and contact engagement. The design and construction of the 40M 
series connectors affecting contact installation, insert, and seal/grommet 
characteristics are acknowledged to be of the latest technological state 

of the art. The 4(M series connector alignment and polarization features 
are consistent with current connector design; features affecting exploslon- 
and scoop-proofing are lacking with the exception of the 40M39S80 connector. 
The materials associated with these connectors, having previous Skylab ex- 
perience associated with earth and on-orbit controlled and space environ- 
ments, would also warrant continued use for maintainable spacecraft appli- 
cations. The electrical and performance characteristics of the 40M series 
connectors are listed in Table 3. 

3.1.3 Martin Marietta Related Experience - Martin Marietta served as the 
principal contractor for the Multiple Docking Adapter and a number of Sky- 
lab experiments. In addition to the MSFC 40M39569 and 40M39580 predominant- 
use connectors, approximately fifteen (15) project-peculiar specification 
control drawings were prepared to specify the unique requirements for con- 
nectors utilized in special applications. These Included the heavy duty, 
power, and multicoaxial feed-through connectors used in the MDA penetrator 
to the microminiature, .127 cm (0.050 Inch) centers, twist pin connectors 
used In various Skylab medical experiments. 
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The life-support umblllcals and TV cunmunlcations systein utilised the 
Air Lock/Microdot astronaut connector. Experience with these connectors 
showed their sensitivity to handling, particularly with the microminiature 
types. Fracture of plastic shells, bending of pin contacts, and connector 
damage caused during contact installation were the predominant problems 
encountered during fabrication. Also, difficulties were experienced in 
the proper termination and assembly of miniature and subminiature contacts 
used in the multi-coaxial connectors. 

Problems associated with the 40M39S80 sero-g connector Involved coup- 
ling mechanism hang-up resulting from inner-to-outer shell binding and 
linkage action. Some problems were also experienced with incorrect in- 
stallation of the peripheral dynamic seal. Pin-to-so: Vet contact engage- 
ment adequacy was also investigated under worst-case connector mating 
conditions. 

With the exception of the Air Lock/Microdot connector where it was 
determined that the contact engagement integrity was dependent on the 
location of the Air Lock shell with respect to the panel thickness and 
its toleranclng, all other critical use connectors showed satisfactory 
electrical engagement in excess of .127 cm (0.050 inch). 

It is known that the high density-type connectors utilizing size 22 
contacts and those common to the MIL-C-38999 specification (i.e., 40M38277 
and 40M39S80) arc typically rated as minimal engagement in their design. 

The engagement Integrity of the multi-coaxial and the MlL-C-39012 single 
coaxial connectors is also rated as minimal in the calculated engagement 
of approximately .025 cm (0.010-inch) under worst-case conditions. Any 
modification or redesign of these type connectors should include an assess- 
ment of contact engagement integrity to assure proper connector function. 

A Martin Marietta connector study of single and redundant release 
systems associated with separation-type connectors v’ss recently completed 
in March 1976 under contract to the U. S. Air Force. This study surveyed 
the current use separation swchanlsms and presented factors which should 
be considered in the design of redundant release systems. The involvement 
of connector alignment, coupling, and release forces and retention relia- 
bility was also documented. The findings gained through this study would 
most likely have an Influence on the design of coupling mechanisms for use 
in manned and unmanned maintainable spacecraft applications. 

3.1.4 Research of Miscellaneous Related Documents - In addition to Martin 
Marietta previous experience on the Skylab program, a search was conducted 
to verify the actual in-flight experiences reported for the three (3) manned 
Skylab missions. Telephone conversations with MSFC and JSC personnel in- 
dicated that no significant connector concerns or problems were encountered 
as reported by the Skylab crews. Martin Marietta participants at each of 
the oral crew debriefings reported no serious connector problems or anoma- 
lies were presented including the specific address of the 40M39580 connector. 
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NASA Technical Memorandum, Report No. NASA X-64814, dated October 1974, 
entitled MSEC Skylab Mieaion Report—SafMxm Vovkahopt perused and con- 
firmed that no major connector anomalies or difficulties were experienced 
by the crews. A damaged connector on the TV Input station was the sole 
Item discussed In this report and proved to be of no significant consequence. 
One comment suggested that Improved markings on connector shells for visual 
alignment and locking Indication be entertained as a future Improvement. 

NASA Technology Utilization Compilations, SP-5936(01), (02), and (03) 
on the subjects of cables and connectors and SP-5908(04) on hand tools 
were reviewed to obtain Information which might be appropriate for this 
study. Of particular Interest were those devices associated with the blind 
mating, alignment, non-arcing, and low-force coupling of connectors (SP- 
5936(01), five Items) and a one-hand operated connector coupling tool [SP- 
5908(04)). 

The Rome Air Development Center technical report Reliability Study 
(of) Ciroular Eleotrioal Conneotorat Report No. RADC-TR-73-171, dated 
June 1973, was reviewed to afford an in-depth baseline of connector sta- 
tistical reliability data which was gained from this comprehensive study. 

The conclusions of this study Indicate that " .... the best reliability 
and overjll performance will be obtained either from MIL-C-38999, Series 
I, or from MIL-C-83723.” The design of the 40M38277 Series connectors 
resembles the MlL-C-38999, Series I, parts with the basic exception that 
the 40M connectors are not scoop-proof; however, the preferred contact 
retention and Insert design features are the same. The Insert design of 
the 40M39580 Series connectors are Identical to those of MIL-C-36999 and 
40M38277 (for the size 22 contact arrangements). 

3.1.5 Documentation Research and Review Sussnarlzatlon - The documentation 
research and review activity disclosed that the MSFC 40M series connectors 
possess the preferred design features of current connector state of the art. 
These connectors have satisfactorily demonstrated their physical and per- 
formance capability In their previous use in the Skylab program and are 
Included In the preferred parts lists of the current Soace Shuttle program. 
The evolvement of connectors for use in manned and ui. if 'ned maintainable 
spacecraft warrants the strong consideration of the continued use of the 
40M Series connectors. Modifications may be required to facilitate the 
coupling operation of these connectors to alter the method of actuation 
and to reduce forces. The 40M series connectors also offer diversified 
contact sizes and Insert arrangements which would cover most electrical 
circuit requirements for use In maintainable spacecraft applications. A 
heavy duty connector may be required for certain power applications; a 
space-compatible connector of this type Is currently listed for Space 
Shuttle usage as a project-peculiar part. 

The availability of single-cable coaxial connectors appears to be 
limited and, by virtue of their design characteristics — especially size 
and coupling features — would require extensive modification or redesign 
to enable their use In maintainable spacecraft applications. The only 
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availability of multl-cuaxial connactora are thoae limited arranxementa 
Included In the 40H19S69 apecif Icatlon or aa provided In the Air Lock/ 
Hlcrodot connector. Expanalon may be required to facilitate additional 
coaxial requlrementa. If anticipated. 

Rack-and-panel type connectora are not Hated In previoua or current 
NASA manned apacecraft project llata; Inclualon of theae parta are Hated 
In scientific apacecraft parta Hats but theae afford no preferred dealgn 
characterlatlca which would favor their utilisation In manned or unmanned 
maintainable apacecraft appHcationa. 

3.2 NASA Contrector/Connector Supplier Survey 

The aurvey Involved vlaitatlon of two NASA contractor original equip- 
ment manufacturera (OEM)— Rockwell International Space Dlvlalon (RI) and 
TRW — five (5) electrical connector auppllera who are currently Hated as 
approved sources on various MSFC 40H Series connector specifications— G&H 
Technology, ITT Cannon Electric, Deutsch Company, Bendix ECD, and Burndy 
Corporation— and one (1) supplier of the astronaut suit connector— Air 
Lock, Inc. 

3.2.1 NASA Contractor OEM Survey - Of the two OEMs visited, only RI has 
had previoua experience associated with serviceable space flight connec- 
tors. These connectors were of the general types currently listed for 
use in the Space Shuttle Orbiter and the Shuttle External Tanks and Solid 
Rocket Booster preferred parts lists. RI also stated that they have had 
previous experience with the astronaut-use MSFC 40M39580 zero-g and Air 
Lock/Microdot connectors used on life support umbilical cables in the 
Skylab program. RI mentioned that various problems were encountered with 
previous-use connectors but none were considered to be of a major concern 
or catastrophic consequence and which were not satisfactorily resolved. 

A concern associated with the adequacy of contact engagement (pin height) 
and coupling mechanism actuation with the zero-g was reported and should 
be more thoroughly Investigated for future use of this connector. TRW’s 
expertise has been Involved primarily with scientific satellites where 
nonservlceable, lightweight connectors have been exclusively utilized. 

Both contractors Indicated current participation in the Space Shuttle 
program. RI is the prime contractor for the Shuttle Orbiter and TRW is 
providing the Orbiter comnunlcatlons systems and a number of Shuttle pay- 
loads. Both OEMs Indicated the preferred use of MSFC 40M39569 and 40M38277 
connectors for the majority of the Shuttle applications. No explicit re- 
quirement currently exists to provide connectors suitable for on-orblt 
servicing. With the exception that RI Is In current process of qualifying 
the 40M series connectors to a lower temperature capability 116.48°K 
(»250®F) than that currently specified 123.15**K (»238®F), all other re- 
quirements In the 40M specifications are deemed adequate for use in the 
Space Shuttle program. To date, no major connector application problems 
have been cited In conjunction with the Shuttle Orbiter or Shuttle cosmmni- 
catlons systems. One contractor reported, however, that a continual concern 
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•xistt r«latlv« to tho toarlng of vlr«*xMl growott during contact In* 

• tallation and aapaclally «#lth tha HSFC 40H38277 high danally connactor and 
that this concarn is balng raaolvad by training of asaambly parsonnal. 

For future or anticipated NASA projects t both contractors felt that 
the current state of the art for connectors would be satisfactory* This 
would indicate that the current connector materials and design character* 
istics for NASA space-use connectors would be adequate. Military speci- 
fication versions would not, however, be suitable. 

Specific address of factors affecting utilization of connectors tor 
on-orbit manned (IVA, EVA) and unmanned (remote) space flight applications 
indicated that many uncertainties exist. One contractor reported that 
connectors anticipated to be used at the Shuttle Orblter payload interface 
panels, payload operations stations, and prelaunch payload service panel 
have not been defined to date. This contractor Is currently involved with 
the Space Shuttle System Payload Accommodations Study and expects that 
these connector requirements wll'. soon be established. Until such time 
as more discrete connector malntalnablllty/servlceablllty and performance 
requirements are evolved, no specific assurance could be established by 
the contractors as to the total adequacy of current available connectors. 
Both OEMs did agree that the available electrical contacts and connector 
Inserts used In connectors listed ^or use In the Shuttle program would 
probably be satisfactory for anticipated maintainable spacecraft appli- 
cations. One contractor did suggest that for weight and space savings, 

NASA should consider the Incorporation of additional size 12, 16, and 20 
electrical contacts In the NSFC 40M38277 specification. Both participants 
Indicated that the present threaded ahd bayonet coupling features of cur- 
rent-use connectors would not be suitable for manned and unmanned space- 
craft applications. In order to facilitate connector coupling/uncoupling 
In these applications, the present forces should be reduced most practi- 
cally through the use of auxiliary or Increased efficiency mechanisms. 

The use of In-line or axial actuating mechanisms would be preferred over 
the conventional rotating (bayonet or threaded) means for connector coup- 
ling. Innovations of the "zero Insertion force" concept whereby connec- 
tors would be initially mated with no significant force and where secondary 
action is employed to effect contact engagement was favored by one con- 
tractor. Where force reductions cannot be practically reduced, particu- 
larly In large-size connectors, the use of coupling assist tools should 
be considered. It was also suggested that Improved connector alignment 
features be developed to more positively assure proper engagement of con- 
nectors and especially for those remote applications where visibility is 
reduced or negated. Coincident with these factors, one OEM felt that the 
alignment features of current NASA-use connectors would be manageable for 
maintainable spacecraft applications whereas the other participant indi- 
cated that additional mismatch toleranclng of the present alignment features 
or the possible use of secondary alignment devices be utilized to facili- 
tate connector coupling. No strong opinions were voiced relative to the 
adequacy of current available connector polarization features with the 
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•xctptlon chat on* contractor atatad the current lockealth keying cone . 
is preferred over the rotating Insert method. A difference of opinion 
was expressed relative to the need for contact protection, or sooop-prouf- 
ing. One contractor stated that scoop>proof ing should be a mandatoty re- 
quirement for all contact sizes whereas the other indicated that the 
present non-scoop MSFC 40M39569 and 40M38277 connectors would be suit- 
able. Both OEMs indicated that explosion-proofing would not be necessar- 
ily a critical nor essential requirement for maintainable spacecraft ap- 
plications. One contractor reported that their technical practices dic- 
tate that "live" circuits be de-energized whenever connectors are to be 
coupled or uncoupled. 

Both contractors would subscribe to the use of the MSFC 40H38277, 
high-density, size 22 contact connector for maintainable spacecraft appli- 
cations. As previously Indicated, however, one contractor suggested' the 
scoop-proof feature — and especially for size 22 electrical contacts — be 
incorporated in this connector. The contractors would also permit the use 
of hermetic seal connectors, as required, in spite of their susceptibility 
to damage of the annealed pin contacts. One contractor Indicated their 
nonpreference of hermetic connectors was due primarily to the large in- 
crease of resistance or voltage drop with their use. One contractor 
stated the current connector cable accessories listed In the MSFC 40M 
series specifications would continue to be suitable; the other prefers 
not to use accessories but favors potting of connectors to provide strain 
relief and termination of shields. Both OEMs also stated reparabllity of 
onnectors on-orbit would not be practical in that accessibility to com- 
ponent-installed receptacles or jacketed cable plugs would not be attain- 
able. For contingency purposes however, the current state of the art con- 
struction characteristics of the MSFC 40M series connectors would permit 
their repair of discrete circuits. 

Both contractors reported that the present single-cable coaxial and 
multi-coaxial connectors would not be suitable for use in maintainable 
spacecraft applications. Current NASA specifications for these connectors 
and contacts do not list impedance-control requirements, according to the 
participants, nor would the present products be totally suitable for S-band 
and higher frequencies. Also, single-cable coaxial connectors would require 
more manageable coupling mechanisms to facilitate their use but no practi- 
cal suggestions were offered. 

For modularization of maintainable spacecraft components as commonly 
designated space replaceable units (SRU) , disrusslon centered on the use 
of rack-and-panel , blind mate connectors. Typically, these connectors 
trould require alignment and coupling force capability through the facility 
of the module installation racking and securing support hardware. One 
participant stated that these type connectors are not preferred in their 
design of avionics systems in that the rack-and-panel connectors are more 
prone to contact damage and would require substantial strengthening of 
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avionics enclosures to withstand the enuuing ^'onnector mating forces and 
to provide axial tolerant ing to assure propet connector engagement which 
mig.it otherwise be Jeopardised due to dt fleet ion of panel interfaces. The 
other contractor suggested that isodification of present connectors may be 
required tc facilitate their use in maintainable spacecraft applications. 

Both OEMs believed that the alignment and mateabillty features of current 
available rack>and-panel connectors should be improved. These would in> 
elude the expanded use of dowel-and-cone piloting and more ample shell 
lead*in chamfers. Both participants also believed that the MSEC 40H39569 
and 40M38277, Style 6W, plug-less-coupllng ring connectors might be made 
adaptable for use in rack-and-panel applications to favor the availability 
of a wide variety of space-proven Inserts and contacts; however, this 
adaptation could amount to a significant or substantial effort. 

3.2.2 NASA Connector Supplier Survey - With the exception of tw suppliers— 
C&H Technology and Burndy— all other suppliers indicated they had manufac- 
tured products used on the past Apollo and Skylab programs. All suppliers 
except Burndy stated they are currently Involved wit’ the Space Shuttle 
program. With the exception of two suppliers, all others generally felt 
the current connector state of the art, as typified in the MSEC 40H series 
specifications, would be adequate for future or anticipated NASA projects 
in that the realm of space environment characteristics has now been essen- 
tially established. One of the excepting suppliers believes new require- 
ments may be established at the onset of any future p ogram such as the 
Shuttle requirements for the NSEC 40M38294 cryogenic connector or for the 
unique Orbiter-to-747 Transport Interface connector. The other excepting 
supplier feels the adequacy of present state of the art connector materials 
should be thoroughly investigated to establish their use in maintainable 
spacecraft applications. This concern relates to the functional capability 
of connectors which would be exercised (l.e., coupled/uncoupled) in the 
space environment and particularly at the extreme cold temperature 
123. 15**K to 116.48°K (-238°F to -250®F) where the elasticity of materials 
such as flexural elastomers may not function responsively to preserve or 
maintain the operational integrity of the connector. This supplier sug- 
gested new test criteria be evolved to require that, for on-orbit service- 
ability applications, connectors be coupled/uncoupled at the extremes of 
applicable space environments and, with special consideration of the Shuttle 
mission profile, the repeated cyclic requirement of the earth launch--on-- 
orblt--earth return environments. 

With specific address of connector maintainability in manned (IVA, 

EVA) and unmanned (remote) space flight applications, the MSEC 40M series 
circular connector suppliers felt the current 40M series electrical 
contacts and connector inserts would effectively satisfy those require- 
ments affecting material suitability and quantified application demands 
for electrical circuitry. The current available rotational MSEC 40M 
series coupling mechanisms would not be suitable according to the 40M 
suppliers. One supplier felt their proprietary breech locking mechanism 
characterized by a 1.57 rad (90-degree) maximum rotation and e .253x10* 
m-Kg (22 inch-pound) (maximum) torque would satisfy manned requirements. 

Other suppliers suggested that an axial, push-pull actuation 
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would best suit both manned and unmanned applications. Cne supplier felt 
that the MSFC 40M39560 sero-g connector mechanism would warrant continued 
use for manned applications and could be modified, i^ required, to facil- 
itate use with manipulator mechanisms. Another supplier disclosed that a 
competitive design to the zero-g connector was generated during the Skylab 
program for presentation to MSFC but was not pursued due to its timeliness. 
The details of this connector design were not revealed during this survey 
but would be available through MSFC. The air lock/Microdot push-pull mech- 
aniam is of a frict lonal-f it design relating directly to the contact en- 
gagement and peripheral 0-ring frictional forces. No mechanical advantage 
is offered with this coupling concept. The suppliers concurred that the 
present coupling forces should be reduced. These forces are essentially 
attributed to contact engagement/separat ion forces and environmental and 
interfacial seal compression. These forces could best be compensated for 
by providing more efficient coupling mechanisms to Increase the mechanical 
advantage for the operator (man or mechanical manipulator). 

The us^ of compression springs remains the principal source of stored 
energy to assist in the coupling/uncoupling activity where the increased 
mechanical advantage attained with helical ramping or screw threads may 
not be suitable for manned or unmanned applications. One supplier stated 
the coupling forces should be minimised at Initial engagement and should 
gradually increase to effect the total coupling followed by force reduction 
to provide coupling assurance via *'feel'* as opposed to a constant, no-force 
variance effect. This concept is exemplified in the coupling action of 
the MSFC 40M39580 zero-g connector. It was also suggested that coupling/ 
uncoupling forces and reactions be confined or contained at or within the 
connectors by squeezing actions of the hand or manipulator articulator as 
opposed to force transmission or reactance through the entire operator 
medium (human arm, body, or manipulator linkages, pivots/ joints) • Should 
force reductions not be practically attainable, then assisting power mech- 
anisms or servicing tools may be required. 

The suppliers were also of the opinion that probable connector access 
limitations would require that the alignment characteristics of the current 
MSFC 40M series connectors be modified, particularly for use with manipula- 
tors. More generous mismatch tolerancing should be prov^Jed by means of 
pre-engage connectors piloting through increased shell lead-in or funnel- 
ing or by auxiliary guidance (i.e., dowel-and-cove) devices. The 40M sup- 
pliers confirmed that the current connector polarization characteristlcf 
were generally adequate — the locksmith keying concept was favored over the 
insert rotation design. The supplier of the MSFC 40M39580 zero-g connector 
acknowledged the previous problems associated with the roll-pin polarization 
device and ruggested a coined/dimpled protrusion could be substituted in 
future prodt>cts. 

Most suppliers were not strongly opinionated as to the necessity for 
explosion-proofing of connectors. The predominant means of sealing off 
of interconnector insert void during engagement is with the use of peri- 
pheral 0-rings or dynamic seals. Static discharging could be essentially 
suppressed through the grounding or contacting of engaging shells prior to 
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^ontaci engagement. Three huppiietb btatea that scoop-proot ing tealureb 
tthould be Incorporated in apace applicatlcn connectors, especially for 
size 20 electrical cont acts*-and smallrr, to preclude inadvertent damage 
during handl Ing* 

One supplier recognized the cuupl ing/ un« oiip I ing sensitivity tor the 
use of single-cable coaxial oounectors in manned and unmanned spacecraft 
applications and suggested the coupling mechanisuis be redesigned, inclu- 
ding significant enlargement, to provide a more manageable means of hand- 
ling and actuation. Another possible means of modification would he to 
incorporate the internal elements of the single* cable coaxial connector 
into a convent iv)nal circular connector housing. Those suppliers involved 
with multi-coaxial connectors felt the present product availability, in- 
cluding the MSFC 40M39569 size 8 coaxial and size 12 shielded configura- 
tions would be adequate for future, general applications. One supplier 
stated that a GSFC concern exists relative to ** .... the cascading VSWR 
oscillation effects...'* which can result in the generation of excessive 
temperatures which could disintegrate the cable-to-contact termination 
and is tentatively attributed to the contact componentry /configurat ion and 
axial fit dimensional tolerances. 

When queried as to the merits of the "zero insertion force" connector 
concepts for manned and unmanned spacecraft applications, no prevalent 
opinions were expressed with the exception that one supplier felt a '*zero" 
initial mating force followed by a secondary actuation to engage the con- 
tacts (i.e., the MSFC 40M39580 zero-g connector concept) would be an ap- 
proach to satisfy the minimal involvement to engage connectors and to 
confine the contact engagement forces within the coupled connectors. 

In the address of rack-and-panei connectors for modularized SRU appli- 
cations, thr?.e of four suppliers offering comments on this subject felt 
the current available rack-and-panel connectors would generally be suit- 
able. The remaining supplier suggested that the alignment capability of 
the present connectors would not be adequate and that a new product fea- 
turing increased alignment capability and tighter dimensional product 
tolerancing — including tighter control ''f mounting provisions — is required. 
In effect, three suppliers recognized tue alignment features of the pre- 
sent connectors should be improved by increasing shell lead-in or by use 
of auxiliary guide hardware to permit their use. One supplier suggested 
more emphasis on chassis guide provisions and the use of module guide 'pins 
would facilitate the continuing use of available rack-and-panel connectors. 
The possible use of fiber optics to ascertain proper connector alignment 
on a remote basis was also suggested. The suppliers generally agreed that 
the alignment features of existing connectors should be improved to the 
extent that maximum connector mismatch can be tolerated and the connectors 
physically engaged with minimal frictional forces and with resulting con- 
tact engagement within the allowable axial tolerances. 

Three of four suppliers stated the MSFC 40M39569 and 40M38277, Style 
6W, plugless coupling ring connectors would not be ideally suited for rack- 
and-panel applications in that these connectors possess no adequate, self- 
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conCaln«d alignoMnt fcaCuras %fh«r«as ch« r«<naining coM.^«ntor suggested thee 
theee might be used only if critics! adapter fixtures were evolved to per- 
mit "ganging" or multiple use of these connectors and trould control their 
lateral and axial positioning to compensste for their lack of self-contained 
alignment. One supplier suggested the consideration of their circular, 
rack-and-panel connector for modularized SRU applications. 'Hilt product 
is currently designed for an alignaMnt misrietch of ^.157 cm (4.062 inch) 
and could be modified to increase this allowance. It possesses a spring- 
loaded frontal protrusion feature vhlch assures proper axial engagement. 
Current MSFC 40M series inserts could be installed in this product. This 
connector, however, does require additional force during mating to re- 
position the spring loadinl connector. 

It was disclosed by three suppliers that they were currently in pro- 
cess of responding to s GSFC quotation for rectangular, rack-and -panel con- 
nectors for Multimission Modular Spacecraft. Ihe essential requirements 
for this connector- type include a (4.012 lnch/4l0 degree) 4.030 cm/. 174 rad 
alignment mismatch, a mixed quantity of up to 160 various size power and 
coaxial contacts, friction-fit coupling, float-mounted plate, end blind 
mate capability. One supplier suggested an existing product would satisfy 
most of the GSFC requirements, whereas another proposed that a totally 
new concept should be evolved. 

3.2.3 Survey Summary - The results of the survey to determine the 
availability of existing connector designs that may offer important de- 
sign features may be summarized as follows. 

The survey participants offered many helpful suggestions based on 
their past experiences and presentation of factors %rhich, in their exper- 
tise, would most generally apply to the application requirements for main- 
tainable, manned and unmanned spacecraft. However, since the survey in- 
quiries dealt primarily on the basic cr general concepts of connector 
maintainability, specific or total conn<^'*^tor cApAbllltles on design con* 
cepts could not be evolved, lliese detail features would be more firmly 
established when more specific mission and payload accommodation factors 
would be known such as connector accessibility including space occupancy/ 
location, visibility limitations, module sises, and specific electrical 
circuit requirements for any given payload or mission requirement. 
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4.0 CONCLUSIONS 


4.1 ItiUM tlon of Avllab l # Coun<rctor PciiKng 

With a basic knowledge of manned and remote capability, the follow- 
ing predominant factors pertaining to the utilisation of available connec- 
tor designs were evolved. 

4.1.1 Connector Con tac ts and Inserts - The current available MSFC 40M 
series electrical contacts and connector inserts could probably be utilised 
in future circular connectors for maintainable spacecraft applications. 

4.1.2 CoMplinK Mechanisms • The current available rotational concepts 
(bayonet, threaded) for coupling/uncoupling of connectors should be modi- 
fied to sigr ificantly reduce the coupling action to less than 1.37 rad 
(90 degrees) or, more preferably, replaced with axial, push-pull actuat- 
ing mechanism. Emphasis should be placed on reducing the applied coupling 
forces to overcome contact engagement and seal compression Inherent 
forces by increasing the efficiency and mechanical advantages of actuat- 
ing mechanisms. 

Mechanisms should be designed to minimise the force required to 
initially align and affix the mating connectors followed by the required 
coupling force. The reacting coupling forces should be confined within 
the coupled connectors to the greatest extent possible. 

Ihe existing r#iquirenients of the MSFC 40M39580 specification demand 
strong consideration as viable requirements for maintainable spacecraft 
applications. Certain modification of this connector's design features 
may be required to improve its operation and to adopt its use for un- 
manned applications. 

4.1.3 Alignment Features - The alignment features of current available 
connectors should be Improved to facilitate their ability to be properly 
coupled. Ihe use of auxiliary pilot/guide hardware and increased lead- 
ins should be considered. Locksmith keying polarization features of 
current connectors is preferred to prevent rolsmating of adjacent connec- 
tors. 

4.1.4 Misce ll aneous Connector Features - Scoop-proof connector features 
for all contact sizes should be considered to afford adequate protection 
of pin contacts. ihe necessity for explosion-proofing would be contin- 
gent on system parameters including combustible atmospheres and pro- 
cedural requirements for the disruption of active electrical circuits. 
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4.1.5 Singl# Cablt Coaxltl Conntctort 


Use of slngle-c. lie coaxial connector.^ ahould ba diacouragad in that 
current available connectors are not deemed suitable for maintainable space- 
craft application in terms of h indling and actuation. Multi-coaxial appli- 
cations should be more thoroughly invest igaccd to determine the adequacy 
of current available configurations to meet perforsiance (frequency, VSWR, 
impedance, etc) requirements. 

4.1.6 Rack and Panel Connectors 

Modular type, rack and panel connectors should be regarded as a sep- 
arable connector design than that of hook-up, circular connectors due to 
their unique application. The rectangular connectors would appear to be 
most space-and-force efficient although the circular versions do offer 
the advantage cf utilization of available inserts and contacts. The 
alignment fw^atures of the current available rack and panel connectors 
should be improved to facilitate their mateability in a more limited en- 
vironment. Mor^ emphasis might be placed on the module racking and align- 
ment provisions and tolerancing to minimize the need for extensive or 
elaborate connector alignment features. 

4.1.7 Materials 


Test criteria should be evolved to practically evaluate the adequacy 
of materials and mechaniams in selected space environments (i.e., temper- 
ature extreme of 88.71 k (-300^F> for male half being mated to 372.04 K 
(210 F) female half) to determine the ability of connectors to properly 
function and operate when coupled/uncoupled in these environments. 

4. 2 Requirements Summary 

The following is a summary of the major functional and operational 
requirements. 

4.2.1 System - The disconnect system must connect/dlsconnec t electrical 
connections in both a controlled environment and the environments of 
outer space. The connect/disconnect functions will be manually accom- 
plished by manned EVA or remote servicing methods. The design goal of 
the system is to provide a low cost, simple, and reliable design. In 
addition, the design for remote manipulator systems and for manned EVA 
applications shall be similar with the exception of a possible hand tool 
for latch/delatch. 

4.2.2 Connector Contacts and Inserts - The connector for the system must 
meet the requirements of NASA-MSFC specifications 40M39380, 40M38277, 
and 40M39569 for only the following components of the connector: 
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• Contact a per 40H395H0; 

• Contact aeallng per 40M39S80; 

• Ineerta per 40M39580; 

e Flnlahea; 

e Dealgn and conatruction; 
e Inaert arrangenenta; 

• Shell alaea; 

• Contact current carrying aicea per 40M39580. 

4.2.3 Latching Method - Ihe connector latching method (if required) 
muat be compatible with the end effector on the aervicing mechaniama 
which allow rotation and laterial mo^iona. Any rotational coupling tech* 
nique muat bi leaa than 1.57 rad (90 ). Preferred coupling la axial, 
puah-pull actuating mechaniam. The latching method ahall be mechanical 
and ahall provide forcea to lock the connector halvea together when mated. 
On demating, the latching method muat releaae and allow aeparation of 
the connector. The connector coupling lock mechan’am ahall be deaigned 

to accoanodate remote operation aa well aa IVA hand and EVA aulted glove 
operation. 

4.2.4 Mating and Unnatlng Mechaniama - Mechaniama ahall be deaigned to 
minimise the force required to initially align and affix the making con- 
nectors followed by the required coupling force. The reacting coupling 
forces shall be confined within the coupled connectors to the greatest 
extent possible. The connector system muat withstand retract and extrac- 
tion forces applied to the module translated by orbital servicing mechan- 
isms and hand tools. 

4.2.5 Connector Housing - The connector housing shall be scoop-proof 
and explosion-proof by virtue of sealing the nouaing before electrical 
contact is made. Mounting means shall include a hermetic seal capability 
to the black box or subasaembly. 

4.2.6 Materials - Tentatively conform to NASA-MSFC 40M39369 requirements 
until testing program defined in 4.1.7 verifies acceptability. 

4.2.7 Alignment Features - The connector system shall incorporate an 
alignment feature %ihich allows angular and floating tolerances of the 
orbital servicing mechanisms to final mating of the plug/ receptacle to 
within the toleraujes for pins and sockets required in the 40M39580 speci- 
fication. The use of auxiliary pilot/guide hardware and increased lead- 
in shall be considered. Locksmith keying polarisation features of cur- 
rent 40M connectors shall be utilized. 
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4.2.8 Voltag« fvit * Th« disconnect sysCain shall be designed for the 
following voltage levels* 

e S to 32 V DC; 
e 115V AC, 60 Hz; 
e 115V AC, 400 Hz. 

4.2.9 Durability - The connector system shall withstsi.d 500 cycles of 
connect/disconnect. 

4.2.10 Respte Connections Requirements - The connectors must allow 
mstlng/demstlng by remotely controlled equipment (orblter servicer or 
manipulator arm). The remote connections can be classified as RHS or 
rack and panel applications and the requirements are as follows: 

A. RMS Applications: 

Alignment Tolerance (design connector to accomnodate or eliminate) 
+3.81 cm (+1.5 In.), 300 S (+5 min.). 

Force to Mate/Demate - Less than 6.81 kg (15 lbs) - any greater 
force requirement must be accommodated by latching mechanism on the 
end effector. 

Provide Alignment Guides and Pin Protection as Required (Alignment 
guides may be located on the module/equipment. 

Maximum Cycle Time > 300 S (5 minutes) 

3. Rack and Panel Applications: 

Utilize existing MSFC specifications 40M38277 and 40M39569 less 
coupling sleeve. 

4.2.11 Manned Operations Reoulrements - The requirements listed here are 
for connectors operated by an EVA crewman with the suit pressurized to 
3.5 psl. Matlng/dematlng of the connectors shall be able to be accom- 
plished utilizing the requirements of 2.2.2.1A and within the following 
limits: 

e Maximum hand rotation required - less than 1.57 rad (90**); 

e Maximum grip strength required (without tool usage) - less than 
15.89 kb (35 lbs); 

a Maxlsnjm torque required (without tool usage) - less than .230x10* 
M - kg (20 In. -lb) ; 
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• Design onc'hsnd operation; 

• Design to preclude daaiage to pressure suit; 

a Verify (by procedure) power renoved prior to connect/di sconnect ; 

w Design to protect pin contacts; 

a Provide alignswnt and polarisation cues as required; 

a Mininusi connector dianeter - 1.39 csi (3/8 inch). 

Manned operations of the disconnect system as an IVA exercise should 
conform to the same general requirements Although force and torque 
capabilities in the pressurised environeient are greater, and design con- 
straints in the absence of the need for an EVA glove are less severe, 
the same requiresMnts should be utilised in disconnect system design. 
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